The densities (ρ), and ultrasonic velocities (u) of 1-Butyl-2, 3-dimethylimmidazolium chloride [ ] in aqueous solutions of Tetran-butyl ammonium bromide over the complete range of concentrations has been calculated at different temperatures T= (298.15 to 313)K. Experimentally obtained values of ρ and u were used to calculate the parameters like acoustic impedance (Z), isentropic compressibility (β S ), molar sound velocity (Rao's constant) (R), molar compressibility (Wada's constant)(W), intermolecular free length (L f ), co-efficient of thermal expansion (α), heat capacity ratio (γ), isothermal compressibility (β T ) and nonlinearity parameters (B/A). The final results obtained were analyzed to understand the ion-solvent and ion-ion interaction so taking place in the solutions. Further, the effect of temperature on the ion solvent interactions was discussed. Ion-solvent interactions are affected by the thermo acoustical properties and by nonlinear parameters. Keywords: Ion-solvent interactions; Tetra-n-butyl ammonium bromide; 1-Butyl-2,3-dimethyl imidazolium chloride; Wada's constant; Rao's constant; ultrasonic velocity.
INTRODUCTION
Ionic liquids have a broad range of industrial properties, and research in the field of ILs endures to witness an astonishing period of remarkable growth. The importance of ionic liquids increases due to their use in synthesis as new solvents, as well as in the process of bio-catalysis, catalysis, chemical engineering and material science [1] [2] [3] [4] [5] . Nowdays, ultrasonic measurements have captured more importance in the field of industries, medical science engineering and agriculture. These studies are used to investigate different chemical processes; also play a very important role in the field of synthetic works [6] . The ultrasonic velocity of different electrolytic solutions has been determined at various concentrations and temperatures [7] [8] [9] [10] . The knowledge of structure and thermo physical properties of Tetra-n-butyl ammonium bromide (TBAB) and 1-Butyl-2,3dimethylimmidazolium chloride [bdmim] Cl is absolutely necessary to study their intermolecular interactions. These observed properties are also providing knowledge about the nature of intermolecular interactions that can exist between TBAB and imidazolium based ionic liquid mixtures, and are dependent on the molecular geometry and charge distribution of the solvents [11] . The present research is an endeavor to study the intermolecular interactions as well as effects of the temperature on various physicochemical properties of the [bdmim]Cl in aqueous solutions of TBAB. Hereof, the speed of sound and densities for [bdmim]Cl in the aqueous solutions of TBAB at various concentrations and temperatures, T = (298.15-313.15) K were determined. A literature survey has been done and reveals that no reports are available for these investigated systems. These reports have a great deal to add in developing structure-property co-relationship as well as the molecular modelling.
concentrations from molarity to molality was done by using the usual formula and density data at each concentration. For the preparation of solutions, we used degassed double distilled water having specific conductance value in the range 2-3×10 −6 S cm -1 with uncertainty of molality found to be 2 × 10 -4 mol kg -1 . The density (ρ) and the ultrasonic speed (u) of mixtures were determined simultaneously with a high precision digital density and sound velocity analyser-5000, (DSA-5000: oscillating U-tube speed of sound with frequency of 3MHz and density analyser), supplied by Anton Paar GmbH, Austria. The instrument has been calibrated periodically with two fluids i.e. dry air and distilled water over a temperature range (293. 15-313.15 ) K. This two-inone instrument has been equipped with a density cell and a speed of sound cell; both the cells are thermally controlled by a built-in Peltier thermostat. The density and speed of sound measuring ranges are from (0 to 3) gcm -3 and from (1000 to 2000) m·s -1 . The uncertainties in the density measurements were found to lie well within 0.2 kg·m -3 while those in the speed of sound data were found to be better than 0.5 m·s -1 . The precision in temperature of the DSA-5000 was controlled to ± 1 × 10 -3 K.
Theory.
The density and ultrasonic velocities of the IL solutions have been measured at T = (298.15 to 313.15) K. From the experimentally determined values of density and ultrasonic velocities a number of thermo-acoustic parameters have been calculated by using the following relationships [12] [13] [14] [15] [16] [17] [18] [19] .
Isentropic compressibility ( )
Heat capacity ratio ( )
Where K T is the Jacobson's temperature dependent constant [20] and it is equal to (93.875 + 0.375T) × 10 -8 . And is equal to 207.5 × 10 -8 at 303.15 K. M z is the relative molar mass and T is temperature in Kelvin. R is known as Rao's constant and W is called as Wada's constant. Non linearity parameter, (B/A) which is due to Hartmann and Balizer is given by
And from the empirical relationship of Ballou employed by Hartmann, the values of non-linearity parameter can be given as: Table (2 -5) . From these values, it is observed that density of [bdmim]Cl rapidly increases by increasing the concentration of solute in the solvent. But the density decreases with an increase in temperature as the volume increases with it. An increase in density has a characteristic impact on ultrasonic velocity. Ultrasonic velocity increases with an increase in density are owing to the increase in the number of particles in a particular region with an increase in concentration, by which ultrasonic velocity gets transferred and therefore, ultrasonic velocity increases. This indicates that the greater association among the molecules of [bdmim]Cl solution due to effective solute-solvent interactions. As the interaction among the molecules of [bdmim]Cl in the solution is stronger. So the density and ultrasonic velocities are increased. The variation of ultrasonic velocity of the system with molality(m), of [bdmim]Cl in different concentrated TBAB solvent can be expressed in terms of density and adiabatic compressibility by the following expression;
The sign and magnitude of du/dc and dβ T /dc indicate that the H-bonded structure of water is disrupted by the addition of [bdmim]Cl. The ultrasonic velocity of the stock solutions increases with a rise in temperature and with an increase in concentration [21] [22] [23] . So it suggests that there is some interaction between the [bdmim]Cl particles with TBAB solvent at different concentration and at different temperatures. The solute particles tend to occupy interstitial space of water + TBAB solvent and disturbed the orderly arrangement of water particles with TBAB. This is due to self-association of solute particles with solvent particles. The solute particles are causing electrostriction leads to a decrease in the compressibility of the solution [24] [25] .
Isentropic compressibility, β S , is defined as the volume change that takes place due to a change in pressure at constant entropy. The same change at constant temperature is termed as isothermal compressibility, β T. That means isentropic compressibility has a characteristic impact on the volume change of the solution. The isentropic values decrease with an increase in concentration of the solute as well as with an increase in temperature (Table 3) which is due to an increase in acoustic impedance (Z) [26] [27] . The impedance offered by the components of the mixture to the sound wave is called acoustic impedance (Z).
It is well known that with an increase in ultrasonic velocity, acoustic impedance (Z) increases and decreases by the increase isothermal compressibility, β T and isentropic compressibility, β S . From the experimentally determined values of acoustic impedance, (Z), it is observed that this value increases with an increase in concentration and temperature, which is due to the presence of strong ion solvent interactions among solute [bdmim]Cl and solvent in TBAB + Water . From Table-3 we can observe that there is reduction in intermolecular free length (L f ) with gradual increase in concentration of solute and increases with the rise of temperature gives an idea that there is some observable interactions exist between the solute [bdmim]Cl and solvent in TBAB + Water and also portentous the structure making behavior of [bdmim]Cl in TBAB + Water at different concentrations and temperatures [28] .
The relation between L f has been extracted from Eyring and Kincaid equation [29] .
From the Table 3 , the observable fall in coefficient of thermal expansion (α) by the rise of concentration of the solute i.e.
[bdmim]Cl in solvent TBAB + Water and with temperature indicates that the increase in concentration of solute causes more ion-solvent interaction due to increase in values of density. But it also reduces with an increase in temperature. Hence the increase in ultrasonic velocity is due to compactness and small intermolecular free length. By these combined effects α also decreases in a solution. The decrease in isentropic compressibility and isothermal compressibility was caused due to a decrease in coefficient of thermal expansion which is due to a decrease in density [30] [31] . From Table 3 , the heat capacity ratio decreases to a lesser extent by increasing concentration but with rise of temperature notable fall of heat capacity ratio can be observed from the graph. Rao's constant (R) i.e. molar sound velocity increases with an increase in concentration and temperature suggesting the strong interaction among the particles of solute and solvent molecules. The knowledge of tight packing of solute particles inside the solvent can be withdrawn from the increase in values of "W" with a rise in temperature and concentration ( Table 5 ). Hence inter molecular interaction among the solute and solvent increases from the above experimental measurements. The values of nonlinear parameter of [bdmim]Cl in solvent TBAB + Water at various concentrations and temperature regions have been determined with the help of two methods, empirical relation of Ballou and theoretically derived relation of Hartmann and Balizer from equation (9-10) are given Table 5 . From Table 5 it is noticed that the Non linearity parameters (B/A) are decreased ( Fig. 1-6 ) with the increase in concentration of [bdmim]Cl in solvent TBAB + Water and with the rise of temperature due to solute-solvent interactions.
In different concentrations of solvent, such as 0.0130 mol kg -1 TBAB, 0.02526 mol kg -1 TBAB and in 0.05093 mol kg -1 TBAB the above mentioned thermo acoustic parameters have an observable effect. It is noticed that the values of isothermal compressibility, isentropic compressibility, heat capacity ratio, coefficient of thermal expansion, intermolecular free length of [bdmim]Cl in TBAB at various concentration decreases in the order 0.05093m TBAB>0.02526m TBAB >0.0130m TBAB. The greater β values due to molecular association is more in 0.05093m TBAB as compared to 0.02526m TBAB and 0.0130m TBAB. Hence, [bdmim]Cl molecules exist in ionic form in TBAB+Water solvent and have strong interaction between the surrounding solvent molecules. Large TBAB+Water around the ions produced by [bdmim]Cl [32] . A decrease in β s and β T and association of solvents leading to compression is due to negative variation of above discussed thermo acoustic parameters. We now focus on ionic interaction due to H-bonding. The H-bonding in 0.05093m TBAB>0.02526m TBAB >0.0130m TBAB. Due to greater Hbonding, the solvent becomes denser. Therefore the ultrasonic velocity is more in 0.05093m TBAB. So the interactions of solutesolvent follows the order 0.05093m TBAB >0.02526m TBAB >0.0130m TBAB. 
CONCLUSIONS
The structure promotion behavior of [bdmim]Cl in solvent of TBAB+Water was successfully analyzed from the experimental results. From the experimental results, density and ultrasonic velocity obtained for IL, [bdmim]Clin 0.0130 mol kg -1 TBAB, 0.02526 mol kg -1 TBAB and in 0.05093 mol kg -1 TBAB indicates that with an increase in concentration of [bdmim]Cl in the above solvents increases the density as well as ultrasonic velocity. But with an increase in temperature the density decreases. This information strongly supports the interaction among the molecules of solute and solvent. The electrolyte occupies the interstitial space of water and tends to break the actual structure of water, due to the interaction between molecules of solute and solvent. There is a decrease in inter molecular free length with the rise of solute concentration. The compressibility in solution is caused due to a decrease in values of Z, R and W indicating the structure making behavior of [bdmim]Cl in TBAB. The isentropic and isothermal compressibility decrease with an increase in concentration of [bdmim]Cl in aqueous TBAB solutions. From the above the discussion it is concluded that ion-solvent interactions affected by the thermo acoustical properties and by nonlinear parameters, which are on the whole get not only affected by pressure but also with temperatures and concentration of [bdmim]Cl and the solvent used.
